CatalyCEST MRI can detect enzyme activity by monitoring the change in chemical exchange with water after a contrast agent is cleaved by an enzyme. Often these molecules use paramagnetic metals and are delivered with an additional non-responsive reference molecule. To improve this approach for molecular imaging, a single diamagnetic agent with enzyme-responsive and enzyme-unresponsive CEST signals was synthesized and characterized. The CEST signal from the aryl amide disappeared after cleavage of a dipeptidyl ligand with cathepsin B, while a salicylic acid moiety was largely unresponsive to enzyme activity. The ratiometric comparison of the two CEST signals from the same agent allowed for concentration independent measurements of enzyme activity. The chemical exchange rate of the salicylic acid moiety was unchanged after enzyme catalysis, which further validated that this moiety was enzyme-unresponsive. The temperature dependence of the chemical exchange rate of the salicylic acid moiety was non-Arrhenius, suggesting a two-step chemical exchange mechanism for salicylic acid. The good detection sensitivity at low saturation power facilitates clinical translation, along with the potentially low toxicity of a non-metallic MRI contrast agent. The modular design of the agent constitutes a platform technology that expands the variety of agents that may be employed by catalyCEST MRI for molecular imaging.
INTRODUCTION
Chemical exchange saturation transfer (CEST) MRI is a new type of molecular imaging method that can detect enzyme activity within in vivo tumour tissues (1) . CEST MRI is initiated by selectively saturating a proton of the agent, which eliminates the net coherent magnetization of the proton. Subsequent chemical exchange of the proton from the agent to water transfers the saturation to water, which decreases the MRI signal from water (Fig. 1A) . A CEST agent can undergo a change in chemical exchange rate after enzyme catalysis, which is known as catalyCEST MRI (Fig. 1B) . To date, CEST agents for catalyCEST MRI have been developed that detect the activity of caspase-3 (2), urokinase Plasminogen Activator (1, 3) , cathepsin D (4), transglutaminase (5), β-galactosidase (6), esterase (7), protein kinase A (8) , and cytosine deaminase enzymes (9) .
CatalyCEST MRI has primarily employed paramagnetic CEST (paraCEST) agents that contain a lanthanide ion (1) (2) (3) (4) (5) (6) (7) . This paramagnetic ion causes the protons of the agent to have large chemical shifts relative to water. This facilitates selective excitation of the exchangeable proton that generates CEST without also directly saturating the water resonance. Furthermore, the larger chemical shift range facilitates the selective detection of two CEST agents during the same catalyCEST MRI study. The comparison of an enzyme-responsive CEST agent with an unresponsive CEST agent at the same concentration can provide a concentrationindependent assessment of enzyme activity, which greatly improves the specificity for detecting enzyme activity (1).
However, lanthanide-based paraCEST agents are potentially toxic especially at concentrations needed for CEST MRI detection (10) . To avoid this pitfall, diamagnetic CEST (diaCEST) agents have been developed that do not contain a metal ion (8, 9) . Unfortunately, the lack of paramagnetism typically limits the range of chemical shifts to 0-5 ppm from the chemical shift of water (which is defined as 0 ppm in MRI). This compromises the ability to selectively detect the agent without also directly saturating water, and limits the ability to detect two CEST agents during the same catalyCEST MRI study.
To address these limitations, we proposed to design an enzyme-responsive diaCEST agent with two chemical shifts that are greater than 5 ppm from the chemical shift of water. Furthermore, we proposed to design a single diaCEST agent with enzyme-responsive and enzyme-unresponsive CEST signals to detect enzyme activity in a concentration-independent manner. To meet these two objectives, we designed a diaCEST agent based on salicylic acid, which has recently been shown to have a CEST effect at approximately 9.6 ppm (compound 1 in Fig. 1B and Fig. 2 ) (11). This unusually high chemical shift is caused by intramolecular hydrogen bonding between the carboxylic acid and hydroxyl group on the aromatic ring. Our proposed diaCEST agent, (Phe-Arg)-4-amino-2-hydroxybenzoic acid, has a Phe-Arg peptidyl ligand that is preferentially cleaved by cathepsin B (12) . In addition, the aryl amide proton should have a high chemical shift. We hypothesized that the cleavage of the ligand would convert the amide to an amine that would cause a loss of detectable CEST from the amide, while the salicylic acid moiety would be unresponsive to the enzyme and retain its CEST signal.
RESULTS

CatalyCEST MRI studies
We synthesized compound 1 through a 5-step process with an overall yield of 9% (Fig. 2) . The CEST spectra obtained prior to enzyme reaction showed three CEST signals at 9.5 ppm, 5.2 ppm and 2.2 ppm (Fig. 3A,B ). This range of MR frequencies for the CEST signals facilitated detection of three CEST signals from the same molecule, and validated our design of a diaCEST agent with two CEST signals that had chemical shifts greater than 5 ppm. The low residuals of the Lorentzian line shape fittings showed that the fitting process could quantify the amplitudes of the CEST signals with excellent precision. The CEST signal at 9.5 ppm was assigned to the salicylic acid moiety, which was consistent with previous reports (11) . The CEST signal at 5.2 ppm was assigned to the aryl amide group, which was consistent with the CEST signals of aryl amides reported for other diaCEST agents (13) . The CEST signal at 2.2 ppm was assigned to the guanidinium functional group from the amino acid side chain of arginine. A small CEST signal was also detected at 3.5 ppm, which was assigned to the amide of the Arg residue. This CEST signal of the Arg amide was not evaluated during subsequent analyses due to its small amplitude, and because evaluation of the Arg amide's CEST signal was not relevant for this specific study.
A solution of 1 underwent cleavage by the protease cathepsin B under physiological conditions (37°C, pH = 7) in the presence of a thiol source that generates a reducing environment needed for enzyme function. As expected, the addition of cathepsin B to 1 caused the CEST signal at 5.2 ppm to rapidly disappear. To confirm this result, the CEST signals of the two expected products, 4-amino salicylic acid and the dipeptide, were found to also be missing a CEST signal at 5.2 ppm (Fig. 3C,D) . The addition of cathepsin B also caused the CEST signal at 9.5 ppm to decrease, indicating that the enzyme catalyzed the degradation of the salicylic acid moiety. Fortunately, this degradation occurred slowly, so that this CEST signal could still be detected during a catalyCEST MRI study. The ratio of these two CEST signals (CEST @ 5.2 ppm / CEST @ 9.5 ppm) was 88.4% before enzyme catalysis, and dropped to 0% after adding the enzyme. This result demonstrated that the comparison of two CEST signals from the same agent can improve the detection of enzyme activity. Also, the CEST signal at 2.2 ppm remained the same after the addition of cathepsin B, so that the ratio of the CEST signals from the aryl amide and guanidinium group dropped from 26.8% to 0% after adding the enzyme. A) The CEST spectrum and B) Lorentzian line shape spectrum of compound 1 (black) and product (grey) shows that the CEST signal from the aryl amide at 5.2 ppm disappears after four hours of catalysis. The CEST signal from the salicylic acid at 9.5 ppm also decreases. C) the CEST spectrum and D) Lorentzian line shape spectrum of separate samples of amino-salicylic acid (grey) and the dipeptide (black) show CEST signals at 9.6 ppm and 2.5 ppm, respectively, which matched the CEST signals observed for the product. 
Chemical exchange rates
The chemical exchange rates were estimated for the salicylic acid moiety, aryl amide, and guanidinium group of 1 using the HW-QUESP analysis method (Table 1 ; Fig. 4) (14) . The same procedure was used to measure the chemical exchange rates of the product, 4-amino salicylic acid, and a Phe-Arg dipeptide. The salicylic acid moiety of the reactant had a chemical exchange rate of 391 Hz, and had a small 4.3% decrease after enzyme catalysis. Similarly, the guanidinium group had a chemical exchange rate of 307 Hz and decreased by only 5.2% after enzyme catalysis. These results validated that the CEST signals of salicylic acid and guanidinium moieties can be used as enzyme-unresponsive CEST signals for comparison to the responsive CEST signal from the aryl amide moiety.
CEST MRI conditions
The signals of saturation power were evaluated and analyzed with the HW-QUESP method ( Fig. 4) (14) . A saturation power of 3 μT generated greater than 90% of the maximum CEST signal amplitude from the guanidinium group, but only 26% and 43% of the maximum observed CEST signal amplitude from the salicylic acid moiety and the aryl amide. Yet a 3 μT saturation power was used for subsequent studies, because this lower power created narrower peaks in the CEST spectrum that facilitated Lorentzian line shape fitting, which improved the accuracy of measuring CEST signal amplitudes (5) . Overall, these results showed that one saturation power could be used to detect both CEST signals for the ratiometric analysis.
The saturation conditions for catalyCEST MRI with this agent were optimized by iterating the saturation time and analyzing the results with the RL-QUEST method ( Fig. 5) (13) . A saturation time of 6 seconds was sufficient to generate greater than 90% of the maximum CEST amplitude from the salicylic acid moiety and the aryl amide, both from compound 1 and the product. A 6 second saturation time generated greater than 78% of the maximum CEST amplitude from the guanidinium group, which was still sufficient to generate a large CEST amplitude from the five equivalent protons of this group. These results showed that one saturation time could be used to detect both CEST signals with good sensitivity. Subsequent studies were performed with a 6 second saturation time.
The CEST signals of the salicylic acid and aryl amide could be detected at concentrations in the single-millimolar concentration range as assessed by the HW-Conc method ( Fig. 6 ) (16) . Even at a low concentration of 3.125 mM, the salicylic acid generated a 8.6% CEST signal and the aryl amide generated a 4.4% CEST signal. These strong CEST signal amplitudes matched similar published results with other salicylic acid derivatives (11) , and also agreed with a published theoretical analysis of CEST signal magnitudes for agents with high chemical shifts (17) . The ability to detect CEST at lower concentrations of contrast agent has advantages for in vivo imaging applications.
As expected, an increase in temperature caused the CEST amplitudes from the aryl amide and guanidinium group to increase (Fig. 7) . Conversely, an increase in temperature caused a wileyonlinelibrary.com/journal/cmmi decrease in the CEST amplitude from the salicylic acid moiety for both compound 1 and the product as well as from the commercially available 4-amino salicylic acid. This unexpected behaviour indicated that the chemical exchange of salicylic acid follows a non-Arrhenius process. This unusual condition can be explained by a two-step kinetic model (18) . The first step involves the formation of a hydrogen-bonded complex between the salicylic acid moiety and water (or a hydroxide ion) with highly entropic conformational flexibility. The second step involves extraction of the hydrogen bonded proton of salicylic acid by water (or a hydroxide ion), which requires an entropically constrained configuration. Therefore, an increase in temperature favours the more entropic first step, which reduces the chemical exchange rate. This explanation also justifies the relatively poor fitting of the CEST dependence on saturation power for the salicylic acid moiety, which is based on a single-step kinetic model ( Fig. 4A-C ).
DISCUSSION
Our results demonstrated that we have developed a single catalyCEST MRI contrast agent with two CEST signals with chemical shifts greater than 5 ppm, and which can be detected with good sensitivity with a single saturation power and saturation time. This agent can detect the enzyme activity of cathepsin B by comparing the ratio of the CEST signal amplitudes of the aryl amide at 5.2 ppm and the salicylic acid moiety at 9.5 ppm. The CEST signal from the salicylic acid moiety slowly decreased, demonstrating that this moiety is not truly enzyme-unresponsive. However, the slow decrease in signal still provided the opportunity to apply the ratiometric method for improved detection of enzyme activity. This difference in the rates of decreasing CEST signals further demonstrates the advantages of detecting two CEST signals, because future studies could temporally monitor each CEST signal to improve the analysis. Although in vivo investigations are beyond the scope of our initial studies, our studies show characteristics that facilitate translation to in vivo imaging. Our studies in this report used a saturation time of 6 seconds, a saturation power of 3 μT, and a Lorentzian line shape fitting method that can detect CEST signal amplitudes of 4.4%. These conditions are similar to our previously reported in vivo CEST MRI studies with diaCEST agents that used a satuation time of 3.8 to 5 seconds, 2.8 μT saturation power, and Lorentzian line shape fitting analyses to detect CEST signal amplitudes of approximately 2% (13, (19) (20) (21) . Therefore, translation of our agent to in vivo studies appears feasible.
The in vivo detection of cathepsin B enzyme activity via catalyCEST MRI potentially provides new opportunities for molecular imaging. Extracellular cathepsin B activity is a useful biomarker of tumour initiation, proliferation, invasion and metastasis (22) . Notably, this enzyme can be expressed as an inactive proenzyme, and therefore detection of the enzyme's activity may be more informative than monitoring the enzyme's expression (23) . Contrast agents for other imaging modalities can also detect cathepsin B activity, including optical imaging agents and radionuclide agents that typically require concentrations in the nanomolar concentration range (24, 25) . However, as shown in these studies, the detection of the activity of a nanomolar concentration of cathepsin B enzyme is feasible if enzyme catalysis can rapidly convert a high concentration of the agent to product. We refer to the detection of enzyme activity with catalyCEST MRI as 'agent limited', whereby the concentration for adequate detection is dictated by the agent's concentration, rather than a 'targeted limited' case where the concentration of the molecular target dictates the level of detection. For these reasons, catalyCEST MRI can exploit the merits of MRI to detect enzyme activity (e.g., avoids the use of ionizing radiation that confounds radionuclide imaging, and can image deeper tissues that confounds optical imaging), which further justifies the translation of this agent to future in vivo studies.
This diaCEST agent represents a platform technology that may be exploited to create many new types of responsive MRI contrast agents for molecular imaging. Other peptide sequences can be incorporated into the synthesis scheme to create catalyCEST MRI contrast agents that sense other proteases (26) . Other classes of enzymes that modify an aryl functional group may also be detected using this platform technology, such as esterases (7), phosphatases (27) , and sulfatases (28) . The salicylic acid moiety may be replaced by other molecules that have intramolecular hydrogen bonding that causes highly shifted CEST signals and are less likely to undergo slow degradation (11, 17, 29) . These additional chemical structures can provide more variety for developing this platform technology and expand catalyCEST MRI for molecular imaging.
CONCLUSIONS
To summarize, (Phe-Arg)-4-amino-2-hydroxybenzoic acid is a diaCEST MRI contrast agent that can be employed in a catalyCEST MRI protocol to detect the enzyme activity of cathepsin B. This derivative of salicylic acid generated two CEST signals above 5 ppm, and generated both signals from a single agent, which improves on the design of other catalyCEST MRI agents that require two agents or have smaller chemical shifts. This seminal example of a responsive diaCEST agent with two highly shifted CEST signals represents a platform technology that may be easily modified to detect other enzyme activities, and may facilitate clinical translation of catalyCEST MRI for molecular imaging. 1, B) and the product's CEST signals from the salicylic acid (triangles) and guanidinium group (circles) each showed a dependence on temperature. This temperature dependence for the CEST signals of aryl amide and guanidinium group matched the Arrhenius equation, but the temperature dependence of the CEST signal of salicylic acid was non-Arrhenius.
EXPERIMENTAL
Synthesis
All reactions were performed under argon unless otherwise indicated. Dry solvents were purchased and used without further purification or drying treatment. Protected L-amino acids were used for this synthesis. ACS grade solvents for chromatography, NaHCO 3 , Na 2 SO 4 , and PBS buffer (pH 7) were purchased from Fisher Scientific (part of Thermo Fisher Scientific, Waltham, MA, USA). Dithiotreitol (DTT), 4-amino-2-hydroxybenzoic acid, KOtBu, conc. HCl, anhydrous DMF, absolute ethanol (EtOH), Pd/C and Pd (OH) 2 
Benzyl 4-amino-2-(benzyloxy)benzoate (BnSal)
Compound 2 was synthesized using a previously reported method with minor modifications (30). 1.5 g (9.8 mmol, 1 equi) of 4-amino-2-hydroxybenzoic acid and 1.21 g (10.8 mmol, 1.1 equi) KOtBu was dissolved in 70 mL of dry DMF and cooled to 0°C with vigorous stirring. 1.285 mL (10.8 mmol, 1.1 equi) BnBr was dissolved in 10 mL of dry DMF and added to the solution dropwise over 30 min. After 4 hours of stirring at 0°C, 1.21 g of KOtBu was added and after 15 min a solution of 1.285 mL of BnBr in 10 mL dry DMF was added to the flask. The reaction was allowed to warm to room temperature overnight. The reaction was quenched with an equal volume of water and then extracted with EtOAc three times. The organic layer was then washed with distilled water twice, then washed with brine, and then dried over Na 2 SO 4 . The solvent was removed using rotary evaporation. The product was purified using column chromatography using 40:60 EtOAc:hexanes to obtain an yellow powder (yield: 1.4 g, 42.9%). 
BnSal-Arg(Z) 2 -NHBoc
Compound 3 was synthesized using a previously reported method with minor modifications (31) . A solution of 2.44 g (4.5 mmol, 1.5 equi) Boc-Arg(Z) 2 -OH was prepared in 10 mL dry THF. To this solution 0.484 mL (6 mmol, 2 equi) of anhydrous pyridine was added dropwise followed by 1.31 g (6 mmol, 2 equi) Boc 2 O. After 1 hour of constant stirring, a solution of 1 g (3 mmol, 1 equi) benzyl 4-amino-2-(benzyloxy)benzoate in 5 mL of dry THF was added. The solution was stirred overnight at room temperature. The reaction mixture was diluted with EtOAc and washed with sat. NaHCO 3 solution twice, then washed with 1 N HCl solution twice, then washed with brine, and then dried over Na 2 SO 4 . The solvent was removed using rotary evaporation. The product was purified using column chromatography using 95:5 DCM: MeOH to obtain an off-white powder (yield: 2.35 g, 89%).
1 H NMR (CDCl 3 ): 7.64 (d, J = 8 Hz, 1H), 7.33-7.36 (m, 2H), 7.12-7.30 (m, 24H), 5.22 (s, 2H), 5.14 (s, 2H), 1.65 (m, 4H), 1.36 (s, 9H). 13 C NMR (CDCl 3 ): 171.2, 165.6, 163.5, 160.9, 159.4, 156.0, 155.7,  142.7, 136.7, 136.5, 136.3, 134.5, 133.0, 129.0, 128.8, 128.5,  128.5, 128.4, 128.4, 128.2, 128.1, 128.0, 127.7, 127.2, 115.4,  111.2, 104.7, 83.5, 70.4, 69.1, 67.3, 66.5, 60.5, 44.0, 28.4 To synthesize compound 4, 0.5 g (0.058 mmol) of 3 was dissolved in 10 mL DCM and cooled in an ice bath. 10 mL of TFA was added dropwise and the reaction was allowed to stir for 30 min on ice and then 1 hour at room temperature. The completion of the reaction was followed using TLC (90:10 DCM:MeOH). The solvent was removed using rotary evaporation, and then re-dissolved and re-dried with toluene three times and ether twice to obtain a yellowish powder, which was used immediately for the next reaction without purification.
BnSal-Arg(Z) 2 -Phe-NH-Z
Compound 5 was synthesized using a previously reported method with minor modifications (32). 4 mL of DMF was added to a flask containing 0.44 g (0.58 mmol, 1 equi) 4 and the solution was cooled to 0°C. Then 0.192 g (0.64 mmol, 1.1 equi) Z-Phe-OH, 0.094 g (0.7 mmol, 1.2 equi) HOBt, 0.357 g (0.7 mmol, 1.2 equi) BOP were added sequentially. The reaction mixture was allowed to stir for 15 min on ice followed by addition of 128 μL of NMM. The reaction was allowed to warm to room temperature and stirred for six hours, followed by diluting the solution with EtOAc. The organic solution was washed with 5% NaHCO 3 three times, with 5% citric acid three times, and with brine and water. Then the organic layer was dried over Na 2 SO 4 , the excess solution was removed by rotary evaporation, and the product was precipitated with ether. TLC (9.5 mL DCM, 0.4 mL MeOH, 0.1 mL acetic acid) was used to follow the reaction and the extraction process. Column chromatography was performed using 95:5 DCM:MeOH (yield: 0.49 g, 80%). To synthesize compound 1, 0.49 g of 5 was dissolved in 10 mL absolute ethanol with 0.4 mL 1 N HCl and 3 mL EtOAc. A mixture of 15% w/w of Pd/C and 15% w/w of Pd(OH) 2 /C were added and the flask was allowed to shake vigorously on a hydrogenation apparatus (Parr Instrument Co., Moline, IL, USA) with H 2 gas at room temperature and 50 psi for 24 hours. Then 20 mL of DCM was added to the flask and the solution was filtered over a celite plug. The filtrate was evaporated to give pale yellow oil that was purified using preparative HPLC (RP C tube that contained 100% D 2 O. CEST spectra were recorded using a 600 MHz Bruker NMR spectrometer. The temperature of the sample was set to 37.0°C. The sample was locked and shimmed using the signal from D 2 O, and the transmitter offset was set to the Larmor frequency of the water. The saturation power output was calibrated with the attenuator values of the power amplifier, because the power amplifier of the Bruker NMR spectrometer had a linear power response. The power deposition into the sample was controlled by modifying the time of the 360°pulse at a preselected power. A continuous wave saturation pulse was applied for a specific duration at a specific saturation power followed by immediate acquisition of a 1D NMR spectrum. This procedure was repeated for each saturation radio frequency from -15 ppm to 15 ppm in 0.25 ppm increments. All saturation frequencies were assigned relative to the resonance frequency of water. The 1D NMR spectra were processed to determine the amplitude of the water signal in a magnitude spectrum with line broadening of 10 Hz. The CEST spectra were created by plotting the water signal amplitude for each saturation frequency.
Evaluation of saturation conditions and measurement of chemical exchange rates
Chemical exchange rates are typically measured by fitting experimental CEST spectra with the Bloch-McConnell equations (33) . However, this non-linear fitting method requires technical expertise to obtain acceptable fitting results, especially for a CEST spectrum with multiple CEST signals. In addition, recent evidence suggests that fitting Bloch-McConnell equations to CEST spectra may systematically overestimate the chemical exchange rates of systems with multiple CEST signals (34) . Therefore, a more simplified analysis can be made, based on the assumption that CEST agent immediately reaches steady state saturation when radio frequency saturation is initially applied. The QUEST and QUESP methods can estimate chemical exchange rates by fitting non-linear equations to CEST amplitudes that are acquired using a series of saturation times or saturation powers (35) . These two non-linear fitting methods can be further simplified to create linear equations, which accelerates the fitting process and compensates for systematic experimental errors. The HW-QUESP method generates accurate estimates of chemical exchange rates of fast exchanging protons and in a concentration-independent manner (15), while the RL-QUEST method provides the most accurate estimates for slow exchanging protons if the agent's concentration is known (14) . Both linear fitting methods can also be used to evaluate the saturation power and time for optimizing CEST MRI signals.
CEST vs. Saturation Power
CEST spectra of 1 (Fig. 4A), product (Fig. 4B) , and control samples of 4-aminosalicylic acid and the Phe-Arg dipeptide (Fig. 4C) were acquired using a range of saturation powers from 1 to 12 μT. These studies used a 6 s saturation time, samples with 25 mM concentration, and a temperature of 37.0°C. The HW-QUESP method was used to analyse these results (Fig. 4D-F) (14) . These results were used to determine that a saturation power of 3 μT was adequate to produce sufficient CEST amplitudes for 1 and the product. This fitting method was used to estimate chemical exchange rates because this method does not require a high concentration of agent and does not require that the concentration of the agent be known. In addition, this method compensates for B1 inhomogeneity that may alter the absolute value of the saturation power applied to a specific sample.
CEST vs. Saturation Time
CEST spectra of compound 1 (Fig. 5A) , product (Fig. 5B) , and control samples of 4-aminosalicylic acid and the Phe-Arg dipeptide (Fig. 5C ) were acquired using a range of saturation times from 0.1 to 12.0 s. These studies used a 3 μT saturation power, samples with 25 mM concentration, and a temperature of 37.0°C. The RL-QUEST method was used to analyse these results (Fig. 5D-F) (15) . These results were used to determine that a saturation time of 6 s was sufficient to produce optimal CEST amplitudes for 1 and the product. This fitting method was not used to estimate chemical exchange rates because this method requires a high concentration of agent to accurately estimate chemical exchange rates, and our analysis used samples at 25 mM concentration.
CEST vs. Concentration
CEST spectra of compound 1 (Fig. 6A ) and the product (Fig. 6B) were acquired using a range of concentrations from 1 to 25 mM. These studies used a 6 s saturation time, 3 μT saturation power, and a temperature of 37.0°C. The HW-Conc method was used to analyse these results (Fig. 6C,D) (16) . These results were used to determine that CEST signals can be measured at low single-mM concentrations. This fitting method was not used to estimate chemical exchange rates because this method has a lower dynamic range than the RL-QUEST and HW-QUESP methods.
Temperature studies
CEST spectra were acquired between 23.0°C and 47.0°C in steps of 5°C (Fig. 7) . Care was taken to allow the sample to equilibrate for more than five minutes after the NMR spectrometer had reached the desired temperature. The temperature of the NMR spectrometer was calibrated using neat methanol (36) .
